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Repearch Professor of Physioce
June 7, 1952,



Ingtallation of S-FAC, and Peview
of " Ray and Solid State Laboratory Regearch

D, 11y - ¢ " '
Reoms 117, 5 and £, Osmond Leboratory

Department of Physics
The Pennsylvenia State College
June 1‘_"5’ 1952»

Wedneaday, June 43
11:00 AcMe Room 117, Osmond Laberatory

(1) Introductory Remarks and Survey of Activities: R. Pepinsky.

2100 PeMe Rozzm 117, Osmornd Laborstory

(2) Completion of Survey and In .roduction %o Biochemie
sogramts  Re Pepinsky.
(3} Bichowl.c, S:astion and Prepgraticn: We Ge and Ge Overend.
(4) Terramycin and /ureomveins T. Watenabe and Te Doyne.
(5} Podophyllotoxin: We Ge Perdake
(6) Jervine: Re Collin
(7 Pyridvl Antihigtemines: J. Rathlev.
(8) Cég-to;mine: K. Ericks.
(9) Dicyclopentadiene Iron: P. Fe Eiland

(10) Gelger Counter Spectrometer: Pe Fo Eiland
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4300 PoM, Rcoms 5 and 6, Osmond Laboratery-
Laboratory Tour and Discussiong.

Denonstrations of X-rey equipment. chenistry and micro-
scopic ]aboratories, low-temper: ture X-ray laboratory, micro-
bean X~-ray tubese
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9:00 P.M. Dance, Autoport
(g1.25 per couple)e

i i 7:30 PoMs  Buffei Dimner, Autoport Terrace:
% 1 {g2.00 per person).
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£ ] Thursdays June Se
‘- ‘ 130 A.Mo Room 6, Oamond Laboratorye
| g | Demcnstration of X-RAC and S-FAC. |
i § |
2 | 11:00 AeMs Room 117, Osmond Laboratory.
§' | (11) Facgimile Recording: A. Moodie and T. Noguchi
3 1 (12) Digc of G and S-FAC: R. Pepinsky
i
? 2300 PeMs Room 117, Qamonid Laboratory.
{ i (13) Progrez on Crystal Transitiongs R. Pepinsky
() w&;‘xgiﬂ in the Perovgkites: G Shirane
i
{i (15) Tlmopite Structursg: As Magneli
, (16) Trangitions in the Dihydro_2n Phogphates and_Argenateg: |
Be Co Frazer. }
'9 7) The NH,F,PO; Transitica: K. Keeling
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g (18) LiNH, TartrsteeHy01 Re Vornon
£ (19) NB,P03°63,0: K. Drenck
§ S ﬂ
! i : (20) ermal Mea mentg: E. Jo Rock and H. Damer
| £ i %
| E .e (1) Electromechani g: P. Tamarkin and
k- ! W. Canty
: |
?'g (22) Theary of Ferroelectric otivity: Ge Barcah
h.
@
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] § 4300 P.M. Rooms 5 and 6, Osmoad Laboratory
‘ g Domonatrations of crystal growth equipment, dielectric, plezo-
| E slsctric, thermal and eleotromechanical transducer measurements.
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Remarks on the COccasion of

the_Installation of S-FAC.

During each of the first two years of ths thres since cur
X-ray program was initiated at Penn State - =ucceeding that <of Pro-
fessor Wheeler Davey who founded and gave s high reputation teo work

in the X-rsy field in this College - we held a 1little mseting here

-wlth some of our colleagues in the world of X-ray analysis, to discuss

aspects of the state of our science, ani tc review at the same time
the activities of our own laborstory. This present meeting, whick
you grace with your presence, is in part a contimance of this cus-
tom. This year we have felt +8 rneed for something more than this,
however. A university is a collection of scholars —~ o, as 1s
sngrave. on every university library (ours not excspted) a collecticn
of books; and the strength of a uni-versity depends as much upon the
sharing of scholarship and of id2as ar 1% dcoes upon the individual
conpetence of its faculty. Weo are fortunate to have certain strong
sclentific bvonds with our Penn Sta'e colleagues in chemistiry, minerel
sclences, engineering and mathematicas. We have strong interests in
other rfieids of knowledge and ach:larship, however, even though our
interests are certainly nou-professionaly and we treasure the thought
that acme of our fellows on the faculiy, sclentists and »on-scisntists
alike, and even members of that Elysilan class, our administrators,

would like to gain a closer view of what goes on in ocur mindz and our

laboratories.
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It is for this resson that we have invited to the prese:it

discussions and dermonatrations a good number of non-orystallographers and

non~-physicists of this cemrus. We shall not talk down to youe« X-ray
crystal aralysis is an esoteric sctivity at best. Wa utiligs X-rays,
which no ux=® can sta, to trace the posiiions of electrons, atoms ard
molecules « which n> cne can see also - in solids. But wo want to tell
vou why we do this, snd how, and what cur resulis might mean. We want
to ashow you a team of investigators, at work on a closely-knit plexus
of problems, with fine moderr tools and tachniques. And we want to show
you how ocur students are trained, directly in the frontier problems of
solence, and what they are accomplishing curing ihis training. Se feor
two days w@ shall e carrying on a sort of five-ring circus. We will
try to show the non-scientists among you what we are concerned with as
scientists, how we aprroach these problems, how ocur research is orgar-
ized, and what our tools - and curselves - look like. We will iry to
show cur colleagues who are chemists, engineecrs, mineralogists, bio-
logists, and so on, how cur methods can aid in tho solution of their

own problems. We will discuss and demonstrate our program and proce-
dures for student training. W2 will review and discuss our specific

activities in X-ray ansliysis and solid state physics with the oxperts

'in these fields who have so kiiLlly jolned us for this occasion. We

will introduce you all to the several foreign visitces in our group,
of wvhoge participation in our program we are particeuzlarly proud: And
we will attempt to exrress cur gratitude to both The Pennsylvanie

State College and the various ouiside agencies which have provided

suppert for our worke.
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S-FAC: A FWew Tool in X-Rgy Arglyeis.
The excuss for thig gathering is the nlacing in operation
of a new tool in X-ray analysis = our computer 3-FAC. The name, like

a railroad timetsbla, is meant to ba raad backwerds: ™

C = computer
A = analogue
S-F = struoture-factor.

Thia classifies S-FAC as a2 machine which caloulates how a gilven structure

of atoms will scatter X-raysy and it indicates that the machine aimm-

lates a calcwlation; instead of actually performing it with mmbers.
3-FAC is one of two computers in our lsboratery. It is

actually a little brother to X-RAC, our machine for calculating atomic

‘arrangements in crystals from l-rey scattering measurements. These two

machines operate so rapidly, ani are so metched to the information which
is available to us from our experimantal measurements and the informa-
tion which ocur minds can utilize, that they permit us "= - maserve a
maximm amount of ocur time and mental powers for thinx_ =g, rather than
wasting these on computational drudgery.

S-FAC and X-RAC are machines which could not have been
built in a university a dozen years ago. They represent the fruit of
organized research, combining the mind and compstence of lnvestigators
from several differsnt sclentific disciplines; and, more important in a
practical sense, they :-+present the fruit of organized support for such
research. ‘

Among the aims of thie gathering is further public acknowl=

edgement of the very great gratitude we feel toward the Office of Naval

¥ I owe this Joke to Mr. Morse, our provost.

st T
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Researcn, which has provided contract funds for vhe construction,
operstion, utilization and further development of our computers. The
0ffice of Naval Research is represented hers todsy by Dr. Melzon M.
Blachman of the Mathematical Sciences Division, Computar Branch, and bv
Dr. A. W. Pryce of the Physics Branch. We are not only happy to have
another oppurtunity to express our eppreciation of the support which
the Office of Faval Research has giver ua, but we are grateful for the

visit of these two representatives.

-Temperature Re .

As we discuss various aspects of our activities, you will
observe that about half of our crystal structural studies are directed
at elucidation of molecular configurations of biochemical campounds of
medical importance, and the rest are concerned with more fundamental
problems of interatomic bonding and crystal transitions. In the lattnr
problens we find it necessary to make measurements over very wide
temperature ranges. The most interesting and revealing studies are

those at very low temperatures — as close as possible to absolute zero.

" We are pleased to be able to show you a machine which we have recently

_acquired far the production of these exiremely low temperatures. This

ic our Collins Cryostat for liguid helium production.

Our low-temperature program is supported to a large sxtent
by the Alr Research and Development Command, under a contract issued
frorm the Wright Air Development Zenter. We are very pleasdd tc have

Mr. William M. Schofield here, representing that age.cy. to review the
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work which we are conducting undsr Air Foree support; and we ere de-
lighted to be able to acknowledge that support. Heliium gas for liquil-
faction is supplied to va by the Office of Naval Resecarche

e

You will s»e, among othsr {hings, the beautiful lew-tempera-

turs X-ray camera which lias been ccnstructed by our School of Chemistry

anc Phyclce Shope This camers has teen construcied under our contract

1
1
A
.&‘;
A
4

with the Signal Corps Engineering Laburatories.

Qiher Acknowledgements of Support.

In the survey of research activities with which you bave

R

been provided, acknowledgement is made of support frem a mumber of other
- organisations. We have taken great pride in grants from the Rockefeller

Foundation, the Resesrch Corporation, the Eli Lilly Company, Charles

Pfizer and Coe., the DuPcnt company, and the Gulf Research Laboratory,

i for sapport of our biochemical studies. The Office of Naval Research !

has alaso suppcrted these studles. Our eleciramechanical transducer
program 1s gupported alsc by the Office of Naval Ressarche.

Oxx fine laboratories are in themselves clear evidence of

our vast debt to the College administratione. (Diagrams of the leboratory

layouts are included in the Survey). We expect soon to be able to move ;

almost all X-ray equipment into roem 7, adjacsnt to our present spacej

R T e

and completion of this arrangement wiil provide us with the finest

-

N physical facilitles I have seen anywhere.
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Yisiting Crvstellographers.

We have two categories of visitors with us, who are actively

&
]
B ———-—.—.‘wudm?m,‘

engaged in crystallograpbic reseerche. The first group I will introduce

5 v 124 oy
st P P RN Al

o you are friends who are here juat for the meeting today and tomorrow. |
These are, in alphabetical order:
Prof. Joseph D.H. and Dr. Gabriells Donnay, from The John
Hopkins University, Department of Geology and Chemistry.
Dr. David Harker, director of the Protein ProjJect, at the

e 1A A, Wb 1 3 AP S AR bR B B

Polytechnic Institute of Brooklyn.

- et | s A ———

Dr. Jerome snd Dr. Isabelia Karle, from the Naval Research

it

Labkoratory in Washingtcn.

Dr. John Kasper, from the Gensral Electric Repsearch iLabora-

tories in Schenectady.

Dr. A. L. and Dr. Elizabeth Patterson, from the Institute

for Cancer Research, Lankenau Fospital, Philadelphia.

A

We have already acknowledged the presence of Dr. A. W. Pryce

o ARG S (TS AR A A 0 YT | 9% (5 ® A S

and Dr. Felson M. Blachman of the Office cf Naval Research, and Mr. William

Schofield of the Wright Air Development Center.

The second group of visltors call other laboratories their

homes, but they are here with us on exteanded stays from several months

N I e T
i

to two or more years. I will list these in the order of their appearance

o o e g P

[ in our Survey.

-

Dr. Alexander Moodie, from the Australian Commonwealth Scien-

[P

tific and Industrial Regearch Organization in Melbour-ns. Dr. Mcodie is

here to learn sbout the counastructicn and luner workings of X-RAC and

S-PAG, in order that similar machines can be constructed in Australia.
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He has been in charge of the construction of the fecsimile recorder for

the computers, in addition tc¢ hils other activities; aund he is an imdis-

rencsable member of the Pann Stats cricket team.

Mr. Teruo Noguchi; from Osaka University in Japan. Mr. Nogu-

B LT R i Slh? - i 3

chi 1s an experienced electronic circuit designer. He is werking with

4

i Dre. Moodle on the facsimile recorder, and is alding as well in X-ray
photon counter sysiem dssigne.

Prof. Alberto Calderom, irom Argentina, and now at Ohlo State
University. 1s a consultant on cur theoretical program, a frequent visitor,
and a close member of our grcupe He is also our chief instructor in the

tango.

-
o

Prof. Kaj and Mrs. Karin Drenslk. £rom Copenhagens The Drencks

are no longer considered visitors, and will ultimately become permanent

e L N e L Do Wy,

: members of our staff. Mre. Drenck has been our chief editorial assistant,
and has pzepared for publication the reports of our first conference cn
5 Computing Methods and the Phage Probiem in X-Ray Ans’ysiss and Prof.
4 i Drenck has designed our fine-focus X-ray systeme, directed construction i
; of our latest rhoton counter clrcuits, directed the installation of our
E Collins cryostat; aassisted in dieleciric crystal measurements, and is
Y
K now carrying cut an X-ray analysis of ammonium metaphosphate.
%
' ; Dr. Gen Shirane, from the Tokyo Institute of Technclegy, who
g
¢ ] is one cf the leading research workers in solid state physics, ard who
% is conducting dielectric. X-ray, thermal and mechanical measurements on i
!
S crystals.
\
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Mr. Eustace Edgerton Francis, from Jamaisae . Francis is a
graduate assistant in the dlelectric measurements programe He is another
of our cricket experts.

Prof. Wiepko G. Perdok, from the Univerzity of Groningen, Nether-
landss Proi. Perdok is one cf the world's leading crystal morphologists,
and he is our encyclopedia and gnide in all matters relating to sxternal
cerystal messurements. He 1s also conducting an X-ray analysie of the
important antimitotic agent podophylliotoxin.

Dre. Franco Jors will arrive in our laboratory the day atter our
meetings, from the Eidgenossische Technische Hochschule in Zurich, Switzer-
land. He wiil direct new instrumentation of our dieisctric and mechanical
crystal measurements.

Dr. Klaas Eriks and Mrs. Maartje Eriks, from the University cf
Amsterdame Dr. Eriks ic another of the very competent students of ocur dear
friend Prof. Carsline iMacGillavry of Amsierdam, the third such we have
enjoyed in our group, He is at present analyzing the structure of a new

hiochemical, castorsmine. Mrs. Eriks is assiting in the dlielectric measure-

alnea
3

i

ograns
Mr. Gerhard Bersch is from the Technical University of Berlin,
and his presence here is sponsored by the U.S. High Commisioner for Germany
and tve Depertment of State'!s Youth Activities Branch. He 1s our theore-
ticel physicist, and has been carrying on studies of cryctal transitions,

the nature of ferrocelectric activity in erystals, and some aspects of the

phagse problen in X-ray snalysis.
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Prof. Arne Magnell is cur zecond vigitor from Profe. Gunnar
Hagg's great laboratory in Uppsala, Sweden. He 1s engaged in various
inorganic structural studies connected with our ferrcelectric research,
particularly on members of the ilmenite groun; and i- the seknowiedged
expert in the structural chemistry of tungsten and -+ bdenum oxides.

Prof. Tokunosuke Watanabe isfrom Osske University, Japane
We feel extremely fortunate in our associsticn with Prof. ¥atansbe; cne
of the foremost X-ray analysts of his country, and Japan has been a
leader in this scientific field. Prof. Watanabe is at rressni engaged
in the very difficult analyses of terramycin and aureomycinsy and he
has completed a structural study of a halogenated methyl tropolcae.

Prof. Octavio Cano-Corona, here on & Rockefeller Foundatiocn
fellowship from the University of Mexico, 1s working with Dr. Robert
Collin on the structure of the important alkaloid jervine, and also
assists in powder diffraction analyses.

Mr. Jérgen Ratinlev, from the Technical University of Ccpen-
hagen, Demnmark, is just completing an analysis of the structure of =
pyridil antihistamine, and has conducted studies on a-llpoic acid, one
of the B-group vitaminss. Mr. Rathlev is an expert both in X-ray
analysis snd mcuntain climbinge.

Prof. Gerhard Schmidt, of the Weissman institute in Rehovoth,
Israel, wi = join us, under a grant from the Rockefeller Foundation, at
the end of the prescnt mecnths Profe. Schmidt will undertake an analysis

of cyeclic polypeptide antibiotics, and particujiarly Gramicidin-S.

——
3
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Dr. George Overend and Mrse. Gina Overend, from the laboratory of
Prof. M. Stacey of the University of Birmingham, England, are hers under our
Rockefeller Foundation grant for biochemical research. They have guided
our- choice of biochemicals for X-ray analysls, and have prepared the proper
crystalline derivatives for these studles. Preparation of proper crysials
is the most important step in ths X-ray studles, and our progress with the
structural analyses of a good mumber of compoundis 13 directly due to the
efforts of these extreomely abie investigatorse.

Mr. Niels Olesen, from the Technica® University of Copenhagen,
Denmark, ‘is now in charge of opsration of the Collins erycstat and associated
Iistitmntation. B will also 4salst in the instrussutation of oo high-
brilliance micro-focus X-ray tubes.

Other investigators from cutside the country who are caming

i

shortly are:

Mr. Jorge R. Cordero-Funas, an electronic engineer from
Buenos Alres, Argentinag

Dr. R.V.G. Sundero-Rao, a solid-state physicist from Osmania
University, Hyderabad, Indiajy

Prof. Elysiaro Tavora, an outstanding X-ray analyst from ihe
the Faculdade Necional de Filosofia, Rio de Janeiro,
Brazily

Dr. Doneld Smits, an X-ray analyst from the laboratory of
Prof. Wiebenga in the University of Groninigen, Nether-

lands.
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Mr, Henri Diamant, an electronics engineer, trained at the
Technical University of Copenhazen, Demmark.
Mrs. Tara Furshottam, trom India, but trained in biochemi stry
At Penn State.
ain Laboratory Staff.
Visitors from outside the country comprise between 25 and 30%
cf our personnel. The large nuwaber of American staff members precludes my
doing much more than referring you to the Survey for names and activities.,
The scientific group does include:
Dr. Elizabeth Rock, in charge of themal measuremernts;
Professor Paul Tamarkin, in charge of electro-mechanical trans-
ducer measurements;
Dr. Robert Collin, conducting the X-ray analysics of the alkaloid
& jervine;
MUr. Paui Jarmotz, our chief elactronics designer; in charge of
the computer construction program;
on low temperature

\
( X-ray wnalyses and
} dielectric measurements.

Mr. Benjamin Chalmers Frazer,

!

D
=]
Q

Mr. Rolland Keeling
My, Philip Frank Eiland, on biochemical structure analysas

and Geigerr counter spectrometer measurements;
Mrs. Beverly Brown, in charge cf X-RAC and S-FAC computing;
Mr. Thomas Doyne, on the terramycin-aureomycin X-ray analysis; .
Mr. Rooert Vernon, on the LiNHbtartrate'Hzo structure analysis;
Dr. Waldemar Scheyer
Mr. Edwvard Zemyan

on crystal syntnesis;

Mr. Elliott Burrell J

Mr. William Pavelich
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Mr. Horace Damner, on thermal measurements;

Mr, William Canty, on the electromechanical transducer
measur ements ;

Mr, Clifford McCarty \

and on dielectric measurements;

Mr. John McLaughlin
I do not list here our fine group of electronics, machine shop,

photograrhic, drafting, and general laboratory technicians. Ve have also -

as you can readily see - a competent and long-suffering group of secretarial

and office assistant.

Nineteen of our personnel are graduvate students, some taking
degrees at Penn State and cthers deing research here which will be applied

toward higher degrees in other countries. Each student works directly

under a competent senior investigator.

A [T PP O

Concerping the B iaaling .
This is cur staff. Our sfitention is that you meet these people

and have them éxplain their work to ycu; I would now like to tell you
our specific plans for this mecting.
I will deveote the remainder of this morning to a general review
””” Ws
will return at 2 P.M. for a series of very shcrt discussions ¢f some of
the work in progress, presented by the investigators involved; and we
will then sperd an hour or sc in the laboratory, viewing this work in

progress and providing you with opportunity for direct discussions with

the iavestigators.
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On Thursday morning we will view the computers, and then
discuss procedures for their use., This will require the participation
of our visitors. On Thursday afternocon we will continue presentations
of specific research, and proceed then to additional direct discussions
in the laboratocry.

All of you will be aware of the dinner this evening, on the

Terrace of ihe Autoport, at 7:30 F.f., Thie will be foliowed at 9:00 P.M.

by a dance at the Autoport. Ve snatch at any opportunity to organize
a dance, and this meeting was an obvious chance which we could scarcely

Pspinsky and the Office Staff are responsible for these

resist. Mrs. Pspinsky ar

arrangements, which sound fairly interesting to me.

Our Frovost, «ir. Morse, has agreed to make a few wsll-chosen
remarks after the dinner; and I herewith warn our visiting crystallographers,
and our Navy and VWright Field friends, that they may anticipate calls for

‘gimilar service - similarly limited in extent, of course.

-.
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I.

II.
I1r.

Ve

VI.
VII.
VIiI,

1.

Table of Contantg.

Electronis Computer Program.

As Electronic Development and Cpera-
tions.

B. Conputing Group.

X-Ray Analysis Theoreticel Program.

80114 Stata Program.

A, FEKlautriocsl, Mechanilocul, Optical
and Thermal Measurements Studies.

3. Crystal Preparation for Physical

Masarrmoamond =
S ST LT WAL WM AW W VP

C. Theouretlocal Studiez.

D. X-Ray Analysis of Crystal Transi-
tions.

Bioohemical Structure Program.

d. X-Ray Analysis.

B. Biochemical Preparuticn Progran.

X-Hay Instrumentation Programas.

A. Righ-Brilliance Micro-Beam X-Ray
Techniques, for Diffraction 3tudiles
oi Single Cryatals of Microscoplo 3ize.

B: Ganeral X-Ray Inatrumesntation.

Graphics Group.

Office Staff.

Proposed Program on Nautron Diffraction.

Luboratory Layout.

Page
2e

3.

5.
5e

6.

7.
8.

9.

9.

10«

10.
11.
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Active Regeargh Prcgrams and Investigators under Dlirection
of Rs Pepinsky., Pennsvivania Stats College X-Ray and Solid State

I. Electronic Cumputer Program, under Coutract with Offioce of Naval
Research,
A« Eleotronie Develooment and Operations:

Dr. R. Pepinuky, Research Professors thsory and design of
X-RAC and S-FAC.

Faul Jarmots, Research Assoclates ohief elecironio desigmer.

Dr. Alexander P. Mocodie, Rosearch Associates electronic
designer and theoretician.

Teruo Noguchi, Resaarch Assiastant:s eleotronioc designer.

Jorgs R. Cordero-Funas®, desearch Assistan’: eleotronic
designer.

Charles Douds 3

Alan R. Gedanoe

Edward Creenberg

Mahlon S. Krnott

Clifford G. Stsbbing

M. Dean Undervood

olectronio techniclans.

Agide fros maintenancs and developmental changes of I-RAGC,
this group 1s now chiefly concernad with the scmpletion and
operation of S-FAC, the struoture-factor computer, and with fac-
sindlle recording of X-RAC signalae.

Be MT_I_I\_I? Gro Pe

Beverly R. Broun, Research Assistants in charge of I-RAD
conputatiorsa. .

P. Frank Eiland, Graduate Fellows orystallographer.

Helen Clemsnts

Sara i. Budingsr }oomputora.

Richard Volgtsberger

Robert Ebeling hot h

Malsom Eokley }P otogrephoras

s A

éi;gizigigzgirey photographic assistants.
4

*Beginning July, 1952.
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This group is concerned with the actual operation of X-RAC on
orystal-structural problems, the computations of structure-factors
for refinement of analyses, and the preparation and filing of all {

date. Some 5000 ayntheases have bsen photrgraphsd since X-RAC was

T T T O RO mw i TR K o
g e
&

instelled at Penn 3tate, and the machine has ssslsisd in spproxi-~

mately 15C structuré analysss.

s

-

i II. X-Ray inslvsis Theoretical Program, under Contraot yith Offloe of
| Novel Repogroh.

Dr. R. Pepinskys theory of phase determination. (See also I A).
Dr. Alberto Calderon, Mathematical Consultant: Fourler

theory.
Dr. Alsxandsr F. Moodis, Reesarch Associate: phase theory.

(See also I A).

o b

This group, vhish during the past two and & half years has also
included Dr. Caroline H. HaoGillavry, Dre Jeo A. GOQdest Dr.

B el L a0 T Lo TR AL L T [ VR T

William Coohrane and Dr. Edwin Akutowios. has besn concerned with

g; alleviation of the phase difficulty in X-ray analysis. Two oon-
% ferencep on the thecry of analysss have besn held at Penn State,
é one in April, 1950 and the second in April, 1951. Several major
2 papers have been prepared in the fiold from this laboratory, an:d

_ é: a volums of papers from the 1950 conferencs will bs published in
g June, 1952,

IIT. jolid State Program, under gontraots with Sigmal Corpa Engineering
Laboratory, Office of Air Research, and Office of Naval Recearch,
he Elegtrigal, Mechanical, Optlgal and Thermal Mesgurementa.

Dr. R. Papinsky, Project Dircctors 6ryetal physics and

chemistrys equipment design. (See also
I &,y 114}
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Dr. E. J. Rock, Research Assoclate: specific heat and
entropy measuremeontsj helium cryostat
operation.

Horace Danner, Uraduate Assistant:s thsrimal measurements.

John Slezak, Technician:s thermal measuremonts.

Kaj Drenck, Visiting Asst. Professors 4in charge of helium
cryosta® operation.

James MoCanni, Techniciant helium liquifier operation.

Dr. Goen Shirane, Resosarch Assoclates thermai and mechaniosal
maasuremonts.

Rolland Keeling, Resaarch Assistants dielectric and pilezo-

o

-

WWJ’MP ”?m;;

T,
oo

LT

electric rvsonanca measurements.
3! Bs Chalmers Frazer, Graduate Fellow: dieloctric measuramen{ge
{f Bustace E. Franols, Oraduate Asslstant: dlelectric measure-
r ments.
i. Clifford Molarty, Research Assistant:s dielectric and plezo-
13 eleoctric measurementsy crystal platings
f aequipnent design.
&l John McLaughlin, Technician:t dielectric measurements.
¢ Dr. Paul Temarkin, Assi. Professors elseciromechanical tranas-
4 ducer measureméntsy acoustical tank deaigm.
f- William Canty, Graduate Assistant: eleciromechanical trans-
3! ducer measurementsy electronic circuit
o design.
H Carl Kircher, Tecoknician: electronic constructlon for
j ' electromechanical measurements.
§i Dr. YWiepko G. Perdok, Reiearch Assoclate: opticali and mioro-
' scoplc meagurements of ~rystals and orystal
transitiong.
¥ Dr. Franso Jona", Ressarch Asscclates erystal elastioity
¢ measuroments) general orystal physics.
5 Dr. R. V. G. Sundvra~-Rao , Reassarch Asacclater crystal
7 elasticity measuremenisj genersl orystal
i g&yaios.
% Robert E. Newnham™ , Research Assistant: dlelectric and
3 plezoeleciric measurement.:.
i
f This 2-oup 1s concerned with electris, mechanical, opticnl and
+ thermal measurements of erysials; for applications as ferroelectrics,
3
s high dielectrics, plezo-electric frequency-ocoatrol elements, elestro-
mechanical transducers, etc. Physlical measurements havs been mads

S

on ssveral hundred crystals, and several naw ferroelestrics and
high dielecirics have been dlscovered.

*Beginning June, 1952.
**Beginning Septembar, 1952,
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Be Grystal Preparation for Physical Mesgurementgs

Dr. Waldumar Scheyer, Research Agsistanis chemisty prepara-
tion of incrganic end orgsnic crystals from
solutions and cslse. s
Edward Zemyan, Research Asalstants chemisty preparation of :
crystals at high temperatures from solu-

bibicaccthotosmmbieuial e BT 003F 7 T
s

. Bt Yt ot

4
K
| & tions, and from vapor phase.
| Masrtie Friks, Technician: crystal prepsration and chemicel
| & , analysos.
b Dr. Franco Jona , Research Associete: speclal crystal growih
‘ E problems. (See also III A).
| fi This group is concersed with the synthesis of compounds aad
: the preparation of materials suitable for physicsl measurements.
3
| Ei |
| § Ce ZIheoreticgl Studies.
x
Bi Dr. R. Pepinsky, Research Professors crystal chemistryj
:f theory of cryzial transitions. (See also
B I A, II, ITT 4.)
B Gerhard Darsch, Research Fellew: thermodynamic wod electro=
[ 3 optical theoreticasl studies.
| i Dr. Paul Tamerkin, Asz't. Frcfessor: theory of acoustical
1 waves in solids. (See also III 4).
| &3 Dr. Arne MiAgneli, Research Associate: crystal chemistry.
& Dr. Fraaco Jona®, Research Associate:s theory of ferroelec-
| ! tric activity. (See elso IIT A; R.)
i
| 3 This group is ooncerned with theoretical studies ir crystal
|
| 3 phyeios and crystal chemistiry, and the nature of inter-atomic
| %
‘ : bonding and orystai transitions.
.
| &
3
| D. X-Ray Analypis of Crystal Trangitiong.

Dr. R. Pepinaky, Research Professors theory and experi-
mental design of X-ray analyses of orys’.al
transitions. {See also I A, II, IIT A, C).

B. Chalmers Frazsr, Research Fellows low~-tempsrature X-ray
analysis of dihydrosen phosphate transi-
tions. (See alao III A.)

Robert C. Vernon, Graduats Agssistanti X-ray analysis of
iiNHAtartrateoﬂZO.

*
Beginning June, 1952,
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Rolland Keeling, Research Assistant: low-temperature X-ray
analyves of ammonium transitions and dihy-

drogen phosphatese (See also III A.)

Kaj Drenck, Visiting Asst. Professor: X-ray anelysis of
forroelectris ammonium metaphosphate.
(See also ITI a.)

Dr. Tokunosuk= Watanabe, Research Assoclates X-ray analys’s

of ccmplex halides and oxy-halides.

Dr. Gen Shirane, Researcn Assoccizte: X-ray analysis of
perovgkite-type ferroslectrics and anti-
ferroslectrics. (See also III A.)

11, Research Assoclates X-rsy analysis of
molybdenunm oxide and tungsten oxide
systema. (See also III C.)

Octavio Canc-Corona, Rockefeller Fellow: X-ray powder

analyses of {errcelectric orystals.

Maartle Eriks, Tachnioiant X-ray poudsr analyses. (See

also III B,)

Pr. Arne Migne

Tarwao Noguchi, Research Assistants X-ray analyses of orystal

transitions; in charge of direct photon-
coanter measurementg. (See also I i.)

Dr. Robert Collin, Research Associates diffuss scattering
X-rays duve to thermal vibrations in
crystals.

Two or more graduate students will be added to this program in

the Fall of 1952.

The X-ray group investigates the structural mechanisms of

oryatsl ¢ransitionsy high dielectric, plezoelsctric and ferrocelectrie

activityy thermal vibrations in oryatalsy orystal elastiociiy pro-
pertiesy a:d special problems In srystal chemistry. The ferro-~
electrio transition of KHQPoé hes been fuily analyzedy the astruo-
ture of LiNH/’tartrato.HQO above its Curlie point has been deter-
minedgy the struoture of H3P04 has been analyzedy and studies of
perovekite and rolated olose-packed oxygen network ferroelectriocs

and antiferroelectrios are in progress, as are studies of ocmplex

nalides and oxy-halides, and of additionul tarirates and phosphates.

FERRREREY
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IV,

7o

Bioghemigal Struchure Progrem, under Contract with Office of Ngval
Besqargh, sud Grants snd Fellowships from thae Regaarch Corporation,
Rogkefeller Foundation, Eii Lilly Regearch Laberatory, Charlag
Pfiger and Co.; Dubont Co., and the Gulf Regearch Laboratory.

A. X-Rav Analvgeg.

Dr. R. Pepinsky, Research Professors selsction of compounds
for analysesy direction of X-ray analysea
and computational procedures. (See also
I A, II, IIL.)

P. Frank Eiland, Research Fellows assisiant director of bio-
chemical structure laboratorys stracturs
analyses of fruotose, isomycomyoln,
pontadienes, antibioticas. (Sea also I 3B).

Dre. Wiepko G. Perdok, Ressarch Assoclate:s X-rsy analyses
of podophyllotoxin haloacetateas. (See
alsc IIT A.)

Joergen Rathlev, Research Assistant: X-ray analyses of
pyridil entihistamines and g=lipoic acid.

Dr. Tokunosuke Watanabe’, Research Associate: Y-ray analyses
of sureomycin and terramycin salts. (See
also III D.)

Thomas Doyne, Graduate Assistant: X-ray analysis of terramysin
and aureomycin salts.

Dr. Robert Collin, Research Associate: X-ray analysis of
Jervine hydrohalides, vitamine By deriva-
tives and iragments. (See also III D.)

Octavio Cano-Corona, Rockefeller Fellows X-ray studies of
Jervine hydrohalides. (See also III D.)

Dr. Xlaas Erlks, Research Assoclates X-rsy analyses of
castoramine salts, thebaine and methyl-
thagaine salts.

Dr. Gerhardt Schmidt , Rockofeller Fellow:s i-ray analyses
of Gramiocidin-S and aynthetic polypeptides.

Dr. Elysiaric Tavora™, Ressarchk Associate: X-ray analysis
of the sitrovorum factor.

Dr. Donald Smita**, Research Associates I-ray snalysis of
funmagillin,

Two or more graduate students will be added to this program in

*Beginning July 1, 1952.
*¥Beginning September, 1952.
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the Fall of 1952. Completion of several of the problems listed

above will permit attacks on additional czompounds, including the
strucstures of tropine and peeudotropine, gelsemine, coumingine,

various polysaccharides, desoxyribonucleotides and =-nuocleosides,
and new antibictics.

This group is conducting X-ray analyses of tke molecular con-
figurations of organic substances of medical importance. The atruc-
tures of srgine, colchioine, imsomyoomycin, tropolone methyl ether,
pyridyl antihistamines, fructose and glutamine have been completely
detarmined, and analyasos of jJervine, terramycin and aureomycin,
podophyllotoxin and geveral other compounds are nearing cazj)letion.

In general, the biochemical studles are cenecs.usl with sirug-

tural problems which havs not responded to usual chemiocal methodse.

B. Blochemloal Preparations Program.

Dr. George Overend, Research Associates selection and pre-
paration of orystalline bilochemical deriva-
tives) advisor on significance of blo-
chemical problens.

Gina Overend, Research Assistant: preparation end chamical
analysas of orystalline derivatives.

Maartjs Eriks: preparation and chomical analyses of orystal-
line derivatives. (See alsc III B.)

Perhans the most oritical step in X-~ray analyses of complex blc=-
chemical meterials 18 the cholce of compounds and the preparation
of crystalline derivetives highly amenahble to X-ray attack. In-
vestigations in this phase of the blochemicul research are gupported
by a grant from the Rockefellsr Foundationy and the selection and

preparution program has prot.ited very greaily from the competence




Ve

9.

of Dr. George Overend and the enthusiastic assistance of Mrs. Overend.

Mrs. Eriks has just been added to this program (Anril 26, 1952).
Advice on compounds for X-ray analysis, and crystalline material,

has also been furnished by prominsnt bhinchanists from this country

and abroad.

X-Ray Tnstrymentation Programs,
A, High-Brilliance Mioro-Beam X-ray Teghniques, for Diffraction

udis ingle C als of Microgcopic Size.

Dr. R. Pepinsky, fesearch Professor: general inastrumentation.
(See also I A, II, III, IV.)

Ka] Drenck, Visiting Aest. Profaessor: mloro-beam I-ray tube
degigni photon-sounter goniome:ore. (See
&lsu III &, De)

P. Frank Eiland, Ressarch Fellows mioroorystal techniquess
direct puoton—counter geniometere. (See
also I B, IV.)

Dr. Wiepko G. Perdok, Ressarch Aecsociates miore-orystal
tecuiniques. (See also III 4, IV.)

Teruo Noguohi, Rysearch Assistan’s ascintillation-orystal

. Pphoton counters. {(Jee also I A, III D.)

Henri Diamant , Research Assoociates aleotronio and mechani-
cal desigm.,

Niels Olesen®™, Rescarch Assistants mechanical design and
constiruction.

Kenneth 0Ott, Technicians mechaniciean.

Thie program 1s oconcerned with ths furcher development and
the utilizatlion of fine-focus high-brilliance miocro-beam X-ray tubes,
for diffraction studies of singlie orystals cf mlorossopis sizs. Con-
tractual support for the research is now being sought. As soon as
funds permii, graduate students and additional technicians w'll be

added to the groupe

*Beginning June &r July, 1952,
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VII.

General X-Ray Ingtrumeptatlion.

A1l investigators and techniolans of V 4, above, and in additions

st - e A S O

~0e

Ralph Mysrs, Techniician: electronio oircuit oconstructiom.
Samual Msysrs, Tachniclant eleotronio circuit constructiom.
Jamas McCann, Technioian: X-ray equipment maintenance.
(See also III Ai.)
Melvin Johnson, Teshnisciant X-ray equipmen: oconstruotica
end maintenance.
Max Williams, Techniociant generesl comstruction azd main-
tenancs.

This group 1s concerned with new construction am! maintenance

of general X-ray diffraoctiocn equipment and relsisd

1sisd instruméntation,

ir0luding intensity-stabiliazi:g and -measuring oircuitry.

graphieg Group.

Robert Ebeling, Chief Photogruphier:
Malocolm Eckley, Phctograpner.

Silvia Silver ‘
Virginia Jeffrey }Photographio Assigtants
Paul Wilmarth

Thomas E. Quickel Jorattanen.

(See also I B.)

oftics Staff.

Judith Nesdleman, Secretary.
Berthe Creasing

Marion Gross ]

Myrtle Karsten

Sally Soullin )Stenogr@pherlo
Carmsn Scott

Sylvia Silver )

Henrietta Snyder

Elizabeth Davia, Budget and Recuris Clerk.
Karin Dreanck, Editorial Assistant.
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VIII,

Bropoged Program on Neutron Diffraotion.

A research progrza on neutron diffrsction of single crystals,
with partioular application to transition studies; is under arrange-
nent in collaboration with Brookhaven National Laboratory. This
will, in e=sence, zupplement present X-ray studies. Some staff
members for this program have already tsen ohosen. It is hoped that
the program can be initisted by July, 1952.

b oute

The present layout of the X-ray and golid state laboratory is
shown in figure 1. The latest faollity to be added is the Collins
Cryostet for produotion of 1liquid helium, whioh will be insialled
in the apace indisated on May 19-23.

All X-ray oquipmsn¢ will eventually be moved from present loca-
tions to room 7, adjacent to the present laboratory. The proposed
arrangement of this X-ray laboratory is shown in figure 2. Spase
oW ocoupied by the X-ray equipment will be utilised for desks and
oexpanded solid-astate faoilities. The proposed ultimats arrangement
of the pressnt main X-ray room; which will be altsred to provide

offioe space, is shown in figure 3.
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X. New Laboravory Personnel aince Mav. 1952,

James Deyah-.\r}
Eugene Tomer

Jean Martin
Norma Vaters }

Richard Dentcn
Michsel Bubel
Robert Petrosky
Anthony Petrilia
Charles Belenius
Elliott Burrell
William Pavelich

Tara Purshottam

Draftsmen

Secretariss

Electronic Techniclans

Labzratory Assistant
Physical Chemist
Inorganic Chemist

Biochenist
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TABLE DESK
Microscope and
Gon:ometer Room
Research
Personnal
Office
TABLE
DESK TABLE DESK
Dork Room SINK
DESK TABLE DESK
Computing Desk Research
Personnel
Office
) z TABLE DESK
-
K R
DESK TABLE BLAGCKSOARD
4
Regecrch TABLE TABLE
Personnel
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Figure 3.
Precposed Arrangement of Present X-Ray Room,
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g: To date the work of the biochemists of this Department may be
™,

s—divided roughly into three aspascts. Firstly, a survey is undertaken of

¥

Lijcompounds of unknown structure, which have important biological properties.
—d

o Often compounds are provided by the original investigators, who inquire

g
|
|
|
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whether information regarding structure can be furnished by X-ray methods.
A thorough literature research is undsrtaken and the results are condensed
into a brief tut critical review of imowledge about the compounds and of
the problems requiring solution. An appraisal 1s forwarded of the value of
X-ray methods in solving ths problems pcsed, compared with the possibility
of their solution in a comuensurate time, by the methods of classical
organic_chemistry.

After the decision is made to undertake an X-ray structural
investigation of a particular comr~:2d, suitable derivatives such as sults,
isomorphous pairs or complexes contalning l"wav_v atoms are prepared. This
cften involves the develonment of a variety of crystallisation techniques.
- wiose liason is maintained with the X-ray analyst to insure that, as far ae
is practically possible, he is providsd with crystalline derivatives of
cptimm size and hzbit and of favorable space group, thereby offering a
maximum chanca of suceess in establishing the structurs of the conpound.
So far our main interests have been concentrated on certain alkaloids,

such as jervine, gelsemine, etc., some antihiotics, for example

terrsmycin and aureomycin, and csrtain carbohydrates like heparin and

P
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ths Schardinger Dextrins. However, many other compounds of biological

interest have been appraised and the inforrmtion about them recorded
for future uss. Among such compounds ire desoxyribonucleotides,
fumagellin, ek-lipeic z22dd, visnapgen; nocardamin, citrovorum factor,
coumlingine, macrozamin, dianhydrohexitols and cordycepin.

Finally considerable time has been expended in equipping
this small blochemical unit, to make it an eflicisat adjiuict to an X-ray
crystallograpny laboratory which has particular interest in crystalline
biochemicals of physiological or medicinal value.
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X-Ray Investigation on the Structure of Aureomvein

and its Related Cumpounds
To wat&nane &nd Te He Doyne

We havwve eataﬁlished the isomorphism bstween aureomycin and

AR 5 CANRINR I i 16 LA

terramycin hydrocnloridss. This suggests that the molecular structures
of these two antibiotics is closely related. We havs also found
another modification of terramycin hydrochloride. At present we are
studying the crystal structure of aureomycin hydrobromide, the crystals
of which were first prepared in this laboratory. The unit cell

dimensiuns and the space groaup of aureomycin hydrobromide are:

2 = 28.24, b = 20.79, ¢ = 8.35, z = 8, C222.
o

The two-fold symmetry axes running to the thres principal axes
permit us to make use of the criterion that there should be no
apprecizble electronic density along these axes, as well as the usual

non-negativity criterica.
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X-Ray Analysis of Podophyllotoxin
Bromo- ang Chlcoro- Acetates
We Ge Psrdok

Since the X-ray analysis of bromo-podophyliotoxin, as
praviomusaly reported from this laboratory in the review of Sept.,
1, 1951, gave no strzightforward solution to the problem of ths
molecular structur» of thie important mitotiae poiao:;., a nsv
attack on this problem, viz the halogsn acetic esters of tha
compound, appeared nacessary.

Pedophylliotoxin is the most important compound found
among a number of drugs that can be extracted frca the root of
podophyllum peltatum (Mey-Appie)e It is of physiological interast
for reason of its antimitotic activity. On injection it causes
savere damage to malignant tumours in mice, in a rather specific
way,; 30 that a knowledge of its structure is of importance in
the chemotherapeuticel attack of the cancer probieme. Though
mich is alresdy known about ths molecule of podophyllotoxin
from chemical investigations, the structural formuia is not yet
establighed, particularly as tc ths stereochemical configuration
of the lactone ringe No method is more straightforvard for ths

solution of stereochemical questions than X-ray analysis of crystal-

line compounds, provided that a compound can be found which allows




la.

a direct solution of the structure analysis by the heavy atoa
or isomorphous substitution method. Up tc now the first approach
was applied to bromopodophyliotoxin, but this did not giv;a enox.igh
information to indicate a definite stersochemical structire for
ths podophyllotoxin molecule. Therefors a new attack has been
mede on this problam fellowing the second method of isomorphous ‘
substitution using the haiogen acetic esters of the compound. i
These ssters, recommended by and availabie from Drs. J. Hart-
w21l end A, W. Schrecker of. the National institute of Hsalth,
might be expected to exist in isomorphous crystals. The esters 3
were prepared and kindly put at our disposal by Dr. Schrecker.

The melting points, as measured by Dr. Schrecker, are:

Compound M.P. M.P,
(immersed at 1500C) (immorsed at 190°C)

podophyllotoxin-chlorcecetate 208°-209° 2090-210°

podophyllotoxin-bromoacetate . 1%0° 195°

podophyllotoxin-iodcacetate 192° 196°

{ soidta
[Retand

g
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The melting is accompanied by decompositicn; and the
sumples immersod at the higher tomperaturc gave highoer moltinug
peints for this reason.

The morpnological and rptical invostigation of thoseo
canpounds indicatod strongly that tho crystals wero orthorhoabic
and isomorphous. Tho crystals are mriasmatic needles, terminatod
by two small faces. Thesc latter faccs gave woak but sharp
refloctions on tho two-circlo optical gon‘omcter, whilo tho prism
faces gave unsharp or mltiple signsl images. Conscquontly thco

- axial ratics a:b and c:b werc less accurately determined than

irom the morphological cbsarvations.
Jdorphcliogical data:
orvnornombic: aib:c = 1,15 : 1 : 0.58,
c:a = 0,506,
Ubscrved forms: a (190); m (110); » (101).

anelos: ,
g © ?
b (010) not obs. 0° 90°
n (110) L1° 9Qe
r (i01) 90° 26°5)1 "

i drawing of tho cryst:l is shown as figure 1.

extinguish parallel to tho prism odgo {c-axis), the c-axis being
wie diruction of the "slow® vibration ia coppurison to the v-axis.

Ihe optical axial figurc treough (i0U; was typicel of a two-axisl
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erystal perpendicular to the obtusa bisecctrix, To check the

morphological deveiopment against the X-ray unit ccll, oscillaticn

: &
Mmmwiﬁﬂmmﬁﬁ»?

photographs were taken of the bromo-compound about the threc

cryct llographic axes. £1l those photographs showed & symuotry
lino parparndieular to the rotation axis; thus the crystal bolongs
dofinitely to the¢ orthorhombic system, a higher symmetry being
oxzlu od by tho optical properties. Froz the oscliil:vich [Hicto—
graphs ths coll dimensions ﬁoro calculatcd as a = 1'7.5?\, b= 15.32,
end ¢ = 8, .3, giving tho axial ratios a : b : ¢ =115 : 1 : 0.57,

agrecing with tho morphologicel axial ratios within the limit of

- orrors. K

Tho volumo of the unit cell is 234033. Tho molocular i

) iqpelendinid 1y

woizht of podophyllotoxin-bromoacetate; 02&}'23095!‘ s is 535.35,
enu thc density of the crvstal is calculated as 1.528 for 4

molacules in the ccll. .a oxporimeontal density dotormination
gave the value 1,51. 2

y: For the chlorinc compound, C 1 (MH, = 490.88),

21.7123%°
the calculotod donsity is 1.39; the cxperimontal dotermination clso

gave tho velue 1.39. Thoso dotorminations wore medc in Thoulut!s &
solution bcezuse of the high solubility of the compounds in

org:nic hoavy liquids liko chlor.fora, bromoform, ctc. |

Doterminetion cof space group.
Welssenborg photographa of the zero, first cnd sccond

o

lovels were takon with the cryst:l rotating cbout tho ¢ and b axoes,
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The c-uxis photographs shavwod two nxceg at on cnglu of cxactiy Yie.
mapuovar, both axecs were symmotry linos of the Welsscnboerg pattern,
ane. spacing on the axes wore 17.6 and :15.33 rospoctivoly. in
agroomont with tho specings found on tho escillation photograpic.
The only zoro lovel photograph showod oxtinction restricted to
tne axes, hOO and OkO boing obsarved only whon k and k arc oven,
Tho b axis= photogreph sgain showed two axcs at un angle
of %0¢, both bcing symmotry lincs of tho pattorn. The spacings
on thu axos now werc found to be 8,770 =nd 17.6?., in agrocment
~itl tho valucs found baforc, ..gain the only axtinctions worc
r20 and 001 whor h or 1 arc uven. Thoso oxtinetions indicate
uniquely that the spacc group is ?212121 (D,*}. .o this spocc
group hes =anly fourfsld positions; the numbor of molocules in the
anmit coll must be 4 or a mltiple of 4; and tho donsity and coll
constonts had eglrecdy indicatod 4 e tho multiplicity. Thars is
no rouson why the heavy =2tom should b2 in a speceial position, so
thurs is a vary pood chanco that a straight{orward solution can

bc accomplishod,

2rcli considorations of tho structurc.

The b--axdis of bramo-podophyllotoxin has a porivdiciiy
of 3.83. This invitus comparison with thc c-axdal lcngti, 8.72,
ir. tho haloacotsatos. Thoe b-txis in bromo--podophyllotoxin was

shown to bc perpendicular to tho moro or leoss flat molocule; and

it scums that bhu podophyllotoxin residuo in the casc of thu
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haloacetates is ossuntislly perpondicular to tho c-axis, Tho
similsrity in this spmcing suggosts, furthormore, that the
haloacctato chain oxtends in tho plane of the molcculs, In

tho bromoacetato the (00i) reflection is vory strong in the
socond ordor, missing in tho fourth, and very work in tho sixth.
This indicates a fl-t moleculc with its plane porpendicular to
¢, and soparatod in tho c-direction by 1/2 z. This scperation,

of *'nlou, is a reasonablo thicknosa for a ncerly flat molcculc,

Figare 2.
Pronased Structure of Podophyiio Derivactives.
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Hartwoll and Schrockoer'!s proposcod structuro for the

- ol
podophyliotoxin dorivatives is chown in Fig, 1, sbove.

R=H: - : Pedephyllotoxin;

R = -O—C:-G{ZCl: Podophyilotoxin chlorceestato;
Rw —O—C{CElzBr: Podopuyllotoxin troamoacotate;
R= -0-0‘30!{21: Podophyllotaxin iodoacctatoe;

Br in placc of R: Bromopedophyllotoxin,

The ovidonco that the molecule is nearly flat suggesis
that the ~CH, and —C:Ofosiducs on ring "B" arc in a trans
rolaticnship. This is in agrooment with the conclusions of
Hartwell ard Schrr.n;.kor, brsod on chamical evidence; but it is

too carly to roly on tho X-ray support for this arrangement,
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Ths Crystal Structure of Some Hydrohalides of Jervine.

i \n

)
A |

R. Collin and C. Corona

-
a it

Jarvine, with the empirical formula 827H3903N, is

F

»
::f . 8 an alkalcid whose chemical structure has not yet been estab-
g; § (| lished., Jervine readily forms crystalline hydrohalides and t
|t =y
‘ ; i Lde four ¢f these have been investigaied.- The unit cell and E
& N |
; i O < space group data for these crystals are as follows: i
’ j = —= ﬂ
i‘% : e a, b, o Space Group g
i 29 “HC1-CH , 2 2 '
%‘ | &€ = Jevim-kcloim 7.4 00 £ 2.6 & P222 %
i E Jervins -HBr-CH4OH 7.56 10.10 37.0 ¥2,2,2,
3|
5‘ E Jervine *HI 11.00 7.92 16.28 112.6° le
s
‘ ; £ Jervine *HBr 10.6 7.6l 16.3 109.0° PZl
¥ t
§

Phases for the (hO@) zone have been determined

&
%é ‘using both Jervine-HI and Jsrvine.HBr. These twc compounds
% arpear to offer the best possibility for a complete structure
| % | o . determination. The Fourier projections that have been obtained
! % all-w some deductions to be made as to the possibls chemical
l é configuration of the Jervine molecule.
{
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Crystal S*ructure of Some Antihistamines
1-(4-Ct - and halecgenophenyl-1-(2-pyridyl

~3-pyrrolidinoprop-l-ene hydrohzlogenides,

C1gHygN X HX
Je« Rathlev
R R
\
These compounds, which are of the type l/‘c = C< 3,
Ry Ry,

show cis-trans isomerism. Tha so—called {—-form is much the more
potent antihistamine, but conclusive evidence for the relative posi-
timns of Rl’ RZ’ R3 and Rh in the twc forms is not obtainable freca
chemical properties.

Since the o~-form is triclinic, it presents a very difficult
structural problem. The ﬁ—fom proved to be simpler. It is monoclinic
with the space group P;."l/c. Furthermcre, two isomoirphous derivatives
of this form are available {a chloro- and a bromo-compound).

Fourier projections along the short a-axis (approximately 6 X)
snowe¢ the molecule cle:rly afisr ssveral approximations. The configu-
ration about the double bond is the following:

T Vi ()
— W~ = .
N
=X

At present, the structure is in the process of refinement.

HX'

r——ceARY
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Crystal Structure of Cgstoramine

; R . K. Eriks

— |
& Q. |
& D ;
i & O The investigation of the structure of castoramine has just ;
|'% . m l
$ N E beer started in this laboratory. Cagtoramine, isolated from beavar !

e PR
N e el R g

) scent glands, is an slkaloid with the empirical formuls Cy 550N«
| L No chemical data about its ring-system are available, except that it

is saturated; which suggests, that it ia a pentasyclic cormound.

The castoramine is obtained in the forma of a sulfate and a

selenate, whnich salts were found to be isomorpious, from optical and

X-ray data.

el T BRI o P YT

|
{
|
]

s The space group is crthorhombic, probably le 212 or P212121,

i 3 with axes: '

41 i

L3 sulfate selenate

@l

3 a = 15.2, a = 15.5,

i b= 12.8 b = 13.0

$! c= 8.7 c = 8.8 |

Sk DRI i A |

; i The unit cell contains four molecules of the compound. ‘
k i

§ |

1 .

¥ ;\’

%4

|
:
!
i
{
|
|
i

moramme oy e Yoy reell




L

|
£
5
3
%
i

i e

i ol L B i

7 P e vy

L
pete
5
>
)
-
¢ *
' _‘-T? ¥
1 s
k&
" &
W
i}.
t
1S
¥

—ipd

fgi _
.
| !
i 1
i 1
-y
F
|

i
CH L
¥
}

i i
3 |
L
3 s
5
&
:

PE=S

e e

}
o

LN B LT

-
c3
D
L

o ——

FIL

(TR M W e e a3 e d .

Bis—Cyc vpentadiene Fe

This crystal has been examined by X-ray methods and found

to be in the monoclinic space group le/n with the lattice constants

a= 5.9,
b= 7.52

c = 9,00

/3- g2 .

A measured density of 1.516 gms/cc led to 2 molecules per celi. Tuls

rlaces the Fg atoms in two related centers of symmetry and reveals

that the molecules are centrosymmetrical. Intensity data using MoKel

radiation i

being collected and a structure analysis will be carried

through via Patterscn and electron density functions,

.......
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Antibiotlc X.
¥. FEiland
A structure analysic of the Rb salt of Antibiotiec X
(RbC9H1LN803) has been nndertaken with no prior knowledge of the !
compound other than the emperical formla. From rotation and
Welssenberg films the cell éonstante vare found to be ;
a = 5,07
b= 8,35
c = 29,9
Sp.G, = Pél/n
z = 4 molecules/cell.

The phases of the Rb and S atoms were used in the first
Fourier synthesis. Subsequent Fourier syntheces were calculated
by placing atoms at the positions of observed maxira. The second
Fourier project;on revealed a possible 5 atom ring containing the

S atom. The structure was very racently solved by chemical means

" and use will be made of this development.

SN ! W
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Single Crystal Geiger Spectrometer
F. Eiland

A zingle crystal Geiger spectrareter for accurate measure-
ments of integrated intensity has besn designed and constructed. The
geometry of the tairget, pinhole and crystal is so arranged that a sta-
tionary crystal in proper position will have all planes c¢f the same in-
dices reflecting simultaneously. For this condition it is possible to
mord tor the target with a second Geiger tube and use a number of counts
from it as a meter against which ccunts from the crystal can be compared.
Thie by-passes the difficult problem of stabilizing the high veltags and
tube current of the X~-ray tube, for very accurate measurements of

scattered intensities.

T Y e A T e Rl OO S - -y ™,

A




A e

o i

e o s,

Pty

ARSI S o S Al

-

ANCTamtes @ i 1 L ol A U e e o 5

ey 4T3 e

o -“4.;,:.:.@-, 28

Nl 1‘-‘&’“'}" '.0"#"‘"9‘&'"

~m ahne

S

Al I e o | R QW @

G Bl Lo T e R

Lora e,

SRALY I

A

Gl g

0pY

e R TR T e

C

LE

\D No.. 7
ASTIA r,

function.

e See chins

A. Moodie and T. Noguchi

Inage seeking msthods of Patterson function analysis recently

troduced by Buerger have been shown to be powerful in crystal structure
detarmination. Unfortunately they involve a considerable amount of labor
hen the functions involved are computed by hand. Further, as more
powerful functions are employed the labor involved increases steeply.

It would therefore appear desirable to counstruct an image seeking

? machine, preferably employing the most sensitive function, the minimum

In order to exploit the advantages of the image seeking method

to the fullest exttent the machine should, if possible, satisfy the fol-

lcwing requirements:

(a)

(o)

—
[}
~r

of these

It should be capable of computing the minimum function
continucusly ard displaying it as a two dimensional contour
map.

It should be capable of comcuning the function from a many-
sided polygon.

Variation of both the number and position of the vertices of
the polygor should be readily echleved.

It should be possible to employ bond angle and bond length
data directly while imags seeking.

The machine which is under construction appears to satisfy most

requ._remenue.
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In essence the machine consists of a cylinder which can be
rotated at 3400 RFid and Yransiated at cne inch per second. Tso intensity
mdulated Fatterson functions are fixed to the cylinder and stops
€ ijusted so that after translation of one unit cell a reversal switch is
made and the cycle repeated. The direction of rotation is not, of course,
altered.

A polygon vertex is represented by a rickup head consisiing of
a fine lucite pichs feeding a photomultiplier and cathode follower, The
illumination for this probe is provided by a D.C. lamp, the light from
which is focused by means of a lucite rod and lens.

The cathode fcllower, apart from providing a low impedance ocut-
put, alsc forms hilf of the minimising circuit. This circuit consists of
two diodes; :uitabl& biased and connected across the cathodes of two
cathode followers., Thus the minimum signal from any numkber of probes
can be selected continuously.

The whole process, of course, contains non-linear elements.
{evertheless the non-linearity is the same for all probes so that a true
minimum is selected,

The whole process is thenlinearissd at the last stage by suitably
choosing the levels at which a contour-line generator will fire, Time
bases are driven from the rotation and translation so that, with a contour-

iine generalor, an X-RAC type display can be achieved,

o

1 T i iR
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The dirsct use o bond angl= and bond length data shoild be
pussible since the position of the probes will be controllahle from a
molecular model. The intensity modulated Patterson function can, of
course, be obtained by a number of methods. Thus an X-RAC photograph
without contour lines could be taken, or a pursly optical synthesis
could be employed.

Finally, however, a facsimile recording system is envisaged.
Here, the X-RAC signal will be fed directly to a Phillip's lamp which
gives light intensit& variation up to 250 kc. The light from this lamp
will be scanned across photographic paper synchronous with the X-RAC
scang.

This method offers the considerable advantage of eliminating
the spatial distortion inevitable on cathode ray oscilloscope displays,
and the lesser advantages of decreased non-linearity in intersity, and
rapic ~%7.

Such a method of recording could, of course, be employed with

the normal X-RAC contour line presentation,
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Study of Perovskite Ferroelectrics

G. Shirane

(K-Na)NbO3: KNbO, 1s a ferroelectric which is of the same type
as BaTiO3, tut ihe properties of NaNbO; are open to question.

By the diwlectric and structural studies of the phase diagram

of (K—Na)Nb03 we want. to determins the essential differences in
in the properties of KNb03 and NaNkOse

PbHfO4: Previous studies of Pbli0O3 and PbZrO; showed interest-
ing dielectric properties in these crystals, so it is of interest,
to study 1"b}Lt‘03 in order- to compare this crystal with the above

two crystals,
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Ferroelectric Compounds of the Ilmenite Type.

A. Magneli

The recent statement that lithium niocbate and lithium
.tantalate show ferroelectric properties seems to be in conflict with
the crystal structure data, which place “hese compounds among the
non-polar structures of ilmenite type. This discrepancy has suggested
further studies of this matter, including dielectric measurements
(Dr. G. Shirane) and crystal structure studies, which have been
started quite recently. In order to get further information concerning
whe erystal chemistry of nioblum and tantalum, crys.al structure
investigations of the oxides of these elements (the high temperaturs

modifications of the pentoxides) are now under way.
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X~-Ray Anaiysis and Dislectric Measurements

of Transitions in the MH-PO, Series

B. C. Frazer

All of the tetragonal crystals KH,FO,, KH2AsOy, RBHZPC;,

RbH,As0, , and CeHoPO, have been reported tc undergo ferroelectric transi-

tions at low temperatures. We have recsatly found that CelAs(, ex~
hibits the same type of behavior. 1In addition, most of these have been
studied and reported to ba ferrcelectric when denterium is substitutesd
for hydrogen. Crystals of Ni;n PO, and NH H2As0, also have low tem—
perature transitions that appear to be relatad to the above, but neither
of these becomes ferrocelectric, Our interest in these campounds ia
from a structural viewpeint, We would like to find evidenca in the
changes in crystal structure, and through comparative crystal chemistry
among the members of this class of compounds, forF the mechanism of the
transitions., In addition, we hope that the observed structural changes
will! provide an understanding of their anomalous dieiectric behavior,
Considerable progress has been made recantly in our study by
the completion of an X~rey analysis of the transition in KﬁzPoh. The
crystal has a relatively simple tetragonal structure above the transi.
tion point (122°K). It becomes orthorhompic below the t;ansition, and
with the sbsence of a center ¢f symmetry in projection ths struciure be-
comes & somewhat more difficult problem, Although ths room temperature
structure is & well-known cne, ws redsterminsd it jJust above lhe iransi-

tion point. The rezson for this wes two-fold. We wished ‘o stady the
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characteyr of the relstively simpls tetragonal casa before proceeding to
the more ifficult ortherhombie structure, In addition we expacted; and
fund, sune saall changes in the structure which could servs not only to
provide a gwd¢ starting point for ths other structurs but also might
aerve o c.a‘;o‘.'» ¢ous ldght on the moachanism of the transitior, The tw53
most sagnificany findinge of this preliminary analysis were the obeerva-
tion of a markod .cba:trac?.ion in the hydrogen bonds {(from 2.53 R to 245 (A))
and a change in 1{’)8 cor figuration, At room temperature each potassium
is surrounded by eignt p{-}‘;:t.ically equidistant oxygens. In the structure
bove the transition g).in\f, four of the oxygsns are at one distancs

1

and the other four are at 5 sdsfiyat6iy larger cnse. 1he lerger dis-

tances are asscciated with nearest o"ixgens of PO, groups directiy a~

beve and belew the potassium (thinking '}:\f the tetragonal c-axis as ver-

A Y
projctions, was a strongly

R

tical), Also observed, in the Fouriz:
snisotropic temperat:re viuration of the pot&e:.‘\ii":" parallel to the

. nvia Tn +ha o} o mésima b
— — e b Ll - ol el b wd L -s

slow thes tronsition. ey as found that tha

i wd

Vicn (relative to

»0

potassi ms were dimplaced by C.08 A along the ¢ dires

the phowphorus ymsitiens). The phosphorus atoms were fo\ed to have

wpved {relative iy thelr practically unchanged 0Q; tetrahedr\al surround-

Bt *

’ ¢ .
ings) by 0.0% 4. These results are of particular intzrest i Wiew of

wd -

Voo B L

ihe ferroslectric pelarizetion of ths crystal paraliel to the Ceg

We have just degun crystal chsamical study of the MI*I?P(),.%\

sories, There ara Ywo maln points of interest here. The first is

55
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concerned with the depression of the dlelectric constant gnd the rais-
ing of the Curie point when a larger alkali ion is used in the saries.
The second is the question of dimorphism exhibited by certain members
o. the series. In the cases of RbHaP0, and CsligPQ; and in certain of
the deuterium-substituted campounds monoclinie and tetragonal modifi-
cations exist,

e dielectric measurements have been coiducted primarily
to ascertain the Curie point in CsHpks0, and to compare dielectric
constants in the serles for the purpose mentioned above., Out of this,
however, some very interesting msasurements at elevatsd temperatures
have been made. Among these has been the observation of dielectric
hystercsis effects in CstAsoh in its tetragonal phass. These are
apparently not ferroelesctric in origin, but they are of general in-
terest and are being checked for possible ferroelectric naturs.

At present these studies are being conducted on sther me.bers of the

series.
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The Shattering Transition ip NH H-PQ,_and

the Ne a -Ray Qonicmots
Re Keeling

The Shatterirg Transition in ADF.

de Relation of ADP to the ferroelectric dihydrogen phosphates KDP and RDP.
1. Dielectric constant versus temperature curves for ADP eompared to
those for KDP and RDP.
2. Mixed crystal studies show a linear decrease of ADP shattering
transition tempersature with inereasing RDP content.
Be X-Ray investigationa to date.
1. Room Temperature structure of ADP. Space Group I42d.
2+ Oscillatlon Photographs of low temperature modificestion, when indexed
in terms of room temperature lattice yield reflections which are not
compatible with room temperature structure.
¥ew Low Temperature X-Ray Gonlometer.

A. Purpose: The study of low tempsrature ferroelectric and related
transitions.

B. Adaptable to oscillation, Wsigssenberz and powder photographs and to

Geiger Counter Measurementa.

C. Description,

1. Moumnt.
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t w Structure Determination of LiNH!_QLgéOG-QgQ_
;: ‘ ‘ R. Vernon
% ¥ i
]
| % i
} €
i w A determination of the rcam temperature structure
E; of WACLHL°6°h20 and its isomorph LinCAHLOé’HZO fias been
:“j‘f -made. The chief interest is in the ammonium compound which, ‘
(1) (2) i

and Mason(”

as suggested by the data of Scholz, Jaf fe,

g o | &
;E i “ (O have recently found to be ferrcslectric below about 98°K by
% - (4) (5)
¥ £ =J Matthias and Hulm, and Merz.
; R . -
f: ¥ O Vielssenberg photographs were taken of both crystals.
‘; . qq !
%E f 2 s=we= Thc space group was found to be P21212 with four molecules per l
e _ e
g? ; Q C’D unit cell. Cell constants are given in Table T,
e % T : Table I.
] ; )
3:‘ § Cell Dimensions for NH, and Rb Isomorphs.
¥ f )
‘7§ ! Dimensions in Angstroms a b c
#i e
%g L:.NHLCLHLOéaHzO - 7.8 14 .60 6.47
i L1RbC, H, O *H,0 7.67 1468 6.3

Patterson syntheses on X-RAC quickly gave the positions

of the heavy rubidium atoms, at x =3, y = 0, z = £.065 and

symnetry-related points. Their positions are such that they contribute

popdeie

to only half of the structure factors. The Fourier projections

P B g
ey

structure factor phases of tha Rb atom thus add false
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symmetry to the true slactron dsnsity. Various tacaniques

were tried. to determine the structure from these ambigucus
Fourier rrojections. A modsl of a tartrate molscule actualily
proved most useful. Atomic crordinates ars2 given in Table II.
Table II.
Atomic Positions

NH (O, o -.%5) C(b) (028, 0370, 0815)

A
0(1) (.102, 063, .41} c(l) (.210, .120, .45)
O(g) (.36, .125, .38) ®(2) (155, .197, «59)
QH(B)(.W’ 0185’ 0610) 0(3) (027, 0211, o’l,7)
OH(“(.zss, 135, .915) c(h) (.255, .302, .91)
0(5) (.20, .290, .08) H,0 (.18, <42, .35)

A canparison of thess structures is made with that

of Rochelle salt, which is also ferroelectric.

(l)ﬂ. Scholz, Dissertation, Gottingen; 1940.

(2)y_ sarfe, Brusn Devalopment Co., Final Repert o
U. S, Signal Corps, Contract No. W-28-003, Sz, 1583.

(w. p. Mason, Piezoelectric Crystals, van Nostrand,

NG" York, 1950’ po 2330

(4)5, T. Matthias and J. ¥. Hulm, Phys. Rev. 82, 108 (1951).

(5)%, J. Merz, Phys. Rsv. 82, 562 (1951).
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JThe Structure of Amonium Metaphosphate Hexahydrate.
Kaj Dreiick

The ammonium metaphosphate was prepared according tc a method :
described by G. Tamann. On inspection for ferrcelectric effect it showsd
a hysteresis loop, the dielectric congt.ant, however, being low,

The X-ray examination gave us a result the space group 2 an

= - = ———

the lattice constants:

= Q
t 4 = Z).lé A
b= 6.9 X 3= 99.1¢
Zo <[ 94 /
e -
'-.'_ c 6.1.5 !
Q C(D The cell dimensions suggest that the compound may be a dimeta-
< <1

phosphate although such a compound has not previously been obsarved.
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H. R. Danner and B. J. Ruook

A vacvum adisbatic calorimeter has been constructed to irnvesti-
gats ths auomalous specific heat curves of ferroeleciric crystals ex-
hibiting transitions between 90° and 300°K. Measured amounts of heat

are sdded electrically to the substance, the specific heat of which is

/P

S
ﬁ

a to be determined, and the corresponding temperature risee ars computed

8 by extrapolating the observed equilibrium temperature drifts before and

E:,' after each heating period. A seriss of such observations enables one

L to plot cp versus InT for a substance over an extended range of temper-
atures. The graphical integration of this curve between the temperstures

' '1'1. and Tz gives the entropy change between these temperatures. The
postulation of a ™normal® heat curve allows one to find the entropy
change due to the transiticn alone.

The apparatus includes the calorimeter proper, consisting of the
immer container, the adiabatic shield, and the vacuum jacket, ard ths
associcted slestrical circuits for deternmining and controlling the

" temperature and measuring the energy added tc the subatance investi-

ted.

Cll

&



BL M g o Lol s

*

% o TR

prt BF

Wb o T . s et

ot Mot

ta o x B

A Lo it

I e o

iy L
L4143 f‘ff\“*" et iy Y

J“#' i

e

LN

m) INO. 2
ASTIA F

e

& e otk el 4 0 YOO

__MWMMW_

LRI DD 0 v et s e s

%

K
/

)

|

i

Resge )

P. Tamerkin and W. J. Canty

The work on farroalectric transducers, a phase of the general
fewroelectric program being carried on in these laboratories, may be divided
into two major parts. 1ine f:l.rat part, presently being developed, is to

assess known and forthcoming ferroelectrics from the point of view of their

ability to transduce slectrical signals into acoustical ouss. The second
k]

o
% phass of the transducer progran is, at the moment, a projected plan to explain

O in part the physical basis oi ths iransducing ability of a particilar

—ad forroelectric from the viewpoint of electrical and acoustical energy losses.

Assessments of the relative merits of varioua ferroelestric trans-

‘ducers will be made by measuring directly the ratio of acousti.cal power out~-

put to electrical power input, The ferrcelectrics will be formed into
ceramic disks under varying conditions of temperature, pressure, binding
agent, selected impuritlies, etc., and will serve in twn as the source of
an accustic beam propagated into water containsd in a tank. This beam is
obtained by applying, to the transducer, pulsed electrical carrier signsls
having a frequency range of 50 ke to lmc. The resulting accastical field
i1l be scannad by & small pressure-measuring microphone made of barium
titanate. The electrical output of this md crophone is amplified anl
presentsd on &n ssasilloscops. (The pulse methcd 1s used tu differentiate
etwean the signal directly inclident on the microphons and those refiscted

from the walls of the tank, which can thereby be limited in size,) From the
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‘ pressure measuraments, pointwiss ‘ntensities can be calculated and
integrated over the solid angle of the beam thus giving the acoustical
power outpat of the transducer. Simultaneously measurements of the
el ectrical power input are tc be made and thus the electro-acoustic

efficencies of the transducers can be calculated, and then used to in-

dicate the moat suitable ferrcelectric and method of preparation.
The procedure described above will give an immediate indication

of the transducing adility of a ferroelectric and is thus of practical

importance., However, the sxplanation of this electro-acoustic behavior

will be farthcoming only upon gaining a knowledge of the inherent sources

of electrical and acoustical energy losses in ths ceramic and single
crystals, as well as of the plezo snd elastic coefficienta of the ferro-

e electric. As a second part of the transducer progrsm we irtend to def.ermine

these characteristics, confining ourseives initially. at least, to an

extended study oi tne sources of onirgy lossee. Evrarimenial details of

this study have not yet been planned however.
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2 § On The Theory of Ferroelectrigity in BeTi0..
| 'f" ¢ 4 | l

¥ ' € G. Barsch {

Among all crystais with polar (non-centrosymmetric) |

. ar"u structures those exibitinz a psrmanent electric polarization :
_' ~ . _1;, are of particular interest concerning empirical knowledge of the
i A forces acting in crystals. Thess elestrically polar crystals can
- .'L ‘?; be classified into two groups: they are called pyroelectric if the
: \g spontanecus electric polarization cannot be influenced by an

- ; \f xternal electric field, and they are called ferroelsctric, if the
| ks gpontanoous polarization can be reversed by an electric counterfield.

__ i 7 Q Lig Most of the ferroelectric crystals known so far show transitions and
= b f

follow a Curie-Weiss law for the dielectric constant. Auy thscry

Any thsory
ZQ % el electrically polar crystal has to account for the following empi-
‘;i o é/) rical facts: ‘
oot % q <E' 1. The occurrence of a polar structure of a given ccmpound; the stabil-
. ;'2? .L:“ %‘ ) ity of a certain structure as a function of temperature and the
m T3 ﬁ | .‘ occurrence of transitions,
o 2. The numerical value of the spontaneous polarization and the law
| t-_%"»- ._ of its temperature dependence. :
* 3. The (numerically high) value of ibs dislectric conatant and the
l;‘___ ' ‘: ‘ law of its temperaiure dependence.
i i i % i '1'.h0 numerical value of the coercive fleld of eingle crystals and
e s

polycrystalline material and the law of its temperature dependence.
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In particular it mst be spown that the coercive field for thosze
crystals, which are knoun' as pyroslecirics, is greatsr lian ths
dielactric breakcdown field strength.

While the task mentioned under point 1 ha: not as yet been
solved absolutely, various attempts have been made to explain tha facts
of points 2 and 3. The most elabcrate theories are those by Devon-
shire and.'Sla.t.er. However even these theoriss ara, in general, more
qualitative than quantitative in the deseription of ti:e empirical
phenomena. A quantitativs theory has been attempted in this labora-
tory in sxtensicn of a theory by Born on the temperature dependence

of the pyroelectric moment.
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An_Improved Appsraiug for Rapic itative Zesnting
on the Plezoelectric Effect of Crystals

Piezoelectric crystals play a very important part in modern oscillating
circuits, ap? therefore new materials with strong piszoelectric coupling and low
temperature coefficients are in demande For this reason, snd also to ald in
determining the symmetry of crystals, it hss becoms nacessary to hawe a plezo-
Sdectric crystal detector that will give quick, reliable, qualitative results.
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The apparatus being constructed is base on ine Giebe-Sheibs principl
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s a frequency modulated signal to produce the frequency varistions that !
applied to the crystal. The circuits have beer desiymed by Prof. Perdok, :
his experience with related equipment is of very great value to us.

The frequency modulated signal can be adjusted to a band width of 50

3
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ocycles, which chages over this range st 60 cps. With this apparatus the

i plezoslectric effect of crystals may bte cbssrved on an oscilloscope or detected

by earphonese
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We Scheyer and E. Zemyan

Crystals are grown in this laboratory from melts, solutions, and
the vapor phase. Special techniques are utilized when highly insoluble
materials must be prepared from solution, ard 2 large amount of work has
been done in gels.

For synthesis of orystals from meltsthere are available two
glcbar furnaces, a Huppert commercial furnace, & piutinum furnace, and
a high induction furnace. Other furpnaces have boen constructed for special

purposes. The rates of heating or cooling can be controlled as desired

" by means of Brown and leeds and Northrup potentiometers and recording

devices. The temperature ranges avallable are fram -59C to 23000C.
Ingredients for synthesizing crystals from melis are usually
the oxides and carbonetes. with fluxes if necessary. Because of the high
melting points of some of the reactunts, ceramics are sometimes prepared.
Where possible, crystals are preparsd from their water solu-
tionse In the case of simple salis it 1s preferred to prepare the water
golution from ths reaction of the acid and base rather than by dsuble
decomposition. However, if the addition of one sclution to another leads
directly to a precipitate, special devices such as diffusion tubes can be
used. Gels, which are used as slow diffusion and minimum nmucleation

modia, often yleld crystals which camnot be prepared direstly from their
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oth = ocold water bath and oil

aolutions. Constant temparature baths (b

baths) can be regulated for any temperature within the range -59 to 10C°C.

Identification of crystals can easily and quickly be mads Wy

goniometric o miswoacopic means, or by I-ray studies. If any doubt

exisis as to the stoichilometric composition of ths erystalss chemical

quantitative anglysis = usede
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Jde MOhughlin, M. Eriks
and E. Fransis.

l‘

Dieleciric Meagurements Progrus ’ !
An apparstus has bsin conestructad to measurs ths dislsctrie

rroperties of crystals over a iemperature range frou -193% s 700%.

Temperatures from room temperacure to -193°C are obtained by surrovnd- !

ing the crystal holder with liquid nitrogen. For tsmperatures above

roor texperature up to WOOG, a furnace is ussd:. It is also possible
to check the orystal at any time {5 hystsresis loops. i

The present series of experimentis are for the purpose of study-
ing s0l14 solutions of KNb0, and NaFoO,« The prime purposs of this e

-

progree 1s to invesiigate crystuls of varied chemical compcsition for

gtructural phase changes and ferroeleciricity. Since no accurate method
of predicting a ferrosiectiric structure has bsen found, these investi-
gations are to zcreen all crystals which can be growm. _

New crystal holders are to bs designed for the simultaneocus

measurement of a standard substance and sn unknown substance. It is

alsc now possitle to uee liquid helium to obtair temperutures down to

-269%C. :
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